OBJECTIVES: It is generally accepted that in adult type 1 diabetes patients (T1D) continuous subcutaneous insulin infusion (CSII) via a personal pump is more effective than the multiple daily injections (MDI) model. However, it is not clear whether all age groups of adult T1D patients may equally benefit from CSII therapy. We aimed to compare the glycemic control and use of selected pump tools in T1D subjects using CSII over the age of 50 (50+ T1D) with patients younger than 50 years of age. METHODS: The last available insulin pump/blood glucose meter downloads and last available HbA1c levels of 124 adult T1D subjects using CSII were reviewed. We divided our cohort into two subgroups: 50+ T1D patients (n = 13) and younger patients (n = 111). RESULTS: There were no differences in glycemic control achieved with CSII treatment in 50+ T1D patients vs. younger subjects. HbA1c levels were 7.01 ± 0.67% and 7.34 ± 1.24% (p = 0.46), and the mean glycemia based on glucometer downloads was 141.8 ± 17.7 mg/dl and 150.8 ± 35.7 mg/dl (p = 0.69), respectively. Also, there were no differences with respect to the use of important personal pump options and tools. CONCLUSION: In conclusion, insulin pump therapy appears to be effective and safe in T1D patients regardless of age.
Introduction
he Diabetes Control and Complications Trial (DCCT) showed that intensive insulin therapy in type 1 diabetes (T1D) combined with structured self-monitoring of blood glucose can delay the onset and slow down the progression of microvascular complications of diabetes compared to the conventional therapy of manually administered daily insulin injections [1, 2] . Insulin therapy may be implemented either with continuous subcutaneous insulin infusion (CSII) via a personal pump or multiple daily injections (MDI) model. The currently available data suggest that in adults with T1D, CSII is more effective than MDI in optimizing glycemic control [1, [3] [4] [5] . However, there is insufficient evidence regarding adverse events, mortality, and morbidity [6] . Personal insulin pump therapy dates back to the late 1970s [7, 8] . Contemporary insulin pumps offer programming of multiple basal insulin infusion rates, profiling of boluses, suspension or temporary rate program of insulin delivery, and additional features enabling calculation of the insulin doses for the carbohydrate content of meals and for the correction of glycemic levels outside of target ranges [9] . These options were shown to improve the efficacy of pump use [10] [11] [12] .
Given these improvements, it remains unclear whether all age groups of adult T1D patients benefit equally from modern insulin pump therapy. In particular, the effectiveness of this new technology-based therapy in elderly patients may be of concern. It was shown that CSII may be equally effective as MDI in optimizing metabolic control in older individuals with T2D [13] . However, there is a shortage of data addressing this issue in T1D, only two small studies examine this topic. The first, a retrospective analysis of five older patients with T1D, showed a profound decrease in HbA1c levels and a significant decrease in the frequency of severe hypoglycemic episodes after the switch from MDI to CSII [14] . Also in this analysis, CSII treatment initiation resulted in better outcomes in patients older than 50 years of age compared to those younger than 20 years [15] . In our cross-sectional study, we aim to compare glycemic control and use of selected pump tools in T1D patients using CSII over the age of 50 (50+ T1D) with that in patients younger than 50 years of age (<50 T1D).
Patients and methods
All subjects whose records were collected for the purpose of this study were patients of the Department of Metabolic Diseases, University Hospital in Krakow, and were residents of southern Poland. The patients were seen at the outpatient clinic on a regular basis (every 3-4 months). Individuals with CSII treatment of less than 3 months duration were excluded from the analysis. The last available insulin pump and blood glucose meter downloads and HbA1c levels of 124 adult T1D subjects on CSII treatment were recorded. For insulin pumps, we analyzed records from the last 4-6 weeks, while for glucometers, the whole memory content (200-300 records depending on glucometer type) was included.
We divided the subjects into two subgroups: 50+ T1D patients (n = 13) and patients below the age of 50 years (<50 T1D) (n = 111). The groups were similar with respect to gender (% of male/female patients: 38/62 (n = 5/8) and 30/70 (n = 33/78), p = 0.52) and BMI (24.05 ± 2.62 kg/m 2 vs. 21.35 ± 2.72 kg/m 2 , p = 0.28) for older and younger patients, respectively. The clinical characteristics of the study groups are provided in Table 1 . All patients in the <50 T1D group and all but one in the 50+ T1D group used rapid acting insulin analogs. One patient in the 50+ T1D group, a 75-year old woman, was treated with regular short-acting human insulin. Clinical data were collected from patients regarding: -carbohydrate counting, -active adjustment of basal/bolus insulin delivery, -severe hypoglycemic episodes that required either the assistance of another person or medical assistance, and diabetic ketoacidosis.
Summary statistics, including means and standard deviations for continuous data, and frequencies and proportions for categorical data, were used to describe the study group characteristics. An unpaired t-test was used for comparisons between the two groups when data were normally distributed; otherwise, nonparametric analysis was applied (Mann-Whitney U-test). For categorical variables we used chi-squared test or Fisher's exact test where appropriate. A p-value of <0.05 was considered significant. The analyses were conducted by the use of Statistica, version 9.0 (Statsoft, Poland).
Results
There were no differences in glycemic control achieved with CSII treatment in 50+ T1D patients vs. younger subjects: the HbA1c levels were 7.01 ± 0.67% and 7.34 ± 1.24% (p = 0.46). The groups did not differ with respect to the number of daily blood glucose measurements (5.3 vs. 5.9, for older and younger patients, respectively, p = 0.74). Mean glycemia based on glucometer downloads was 141.8 ± 17.7 mg/dl (50+ T1D) and 150.8 ± 35.7 mg/dl (<50 T1D, p = 0.69), respectively.
There were no episodes of severe, assistancerequiring hypoglycemic episodes in the 50+ T1D group during the last year, while the <50 T1D patients had nine such episodes (frequency of 8.1/100 patients/year). None of the 50+ T1D subjects required hospitalization due to glycemic decompensation, but there were four hospitalizations in the <50 T1D group (frequency of 3.6/100 patients/year). For both features, however, the differences were not statistically significant (p = 0.59
Abbreviations:
50+ T1D -T1D subjects using CSII over the age of 50 <50 T1D -T1D subjects using CSII below the age of 50 BMI -body mass index CSII -continuous subcutaneous insulin infusion DCCT -Diabetes Control and Complications Trial HbA1c -glycated hemoglobin IU -international unit MDI -multiple daily injections T1D -type 1 diabetes and p = 1.0 for severe hypoglycemia and metabolic decompensation, respectively).
Interestingly, there were no differences with respect to: (Table 1 ).
T1D patients under the age of 50 required more insulin per kilogram (0.73 IU/kg vs. 0.55 IU/kg for younger and older individuals, respectively, p = 0.0007). While all of the <50 T1D patients declared carbohydrate counting and active adjustment of basal/bolus insulin delivery, 2 out of 13 individuals in the 50+ T1D group chose to stay on relatively steady insulin doses following predictable meals and physical activity.
Discussion and conclusions
In this study, we found that outcomes of CSII treatment in T1D subjects over 50 years of age in comparison to younger patients are equally effective and safe. Furthermore, both groups were equally willing to use modern pump technology.
The age limit used to stratify the study group was chosen arbitrarily and corresponded to an earlier report performed in T1D subjects in whom CSII had just been initiated [15] . Our older cohort included mostly subjects from the sixth and seventh decade of live, so it is not representative for T1D patients of very advanced age. We should point out that our project is merely a clinical observation. Specifically, T1D subjects were clinically selected for pump treatment, and CSII was not implemented in patients with a decline in cognitive function, vision impairment, or other agerelated contraindications for this pump therapy. In general, 50+ T1D subjects were supposed to fulfill the same generally recognized criteria for CSII initiation as younger patients [12, [16] [17] [18] .
Interestingly, there were no significant differences in basal/bolus ratios between younger and older individuals. This finding suggests that insulin delivery profiles do not differ considerably between patients of different age groups. Previous reports addressing this issue and showing significant age-related differences in insulin patterns examined much younger populations [19] .
The only clinical difference between the groups analyzed was a significantly higher insulin dose per kilo in the <50 T1D group. This outcome may be surprising given expected age-related impairments in insulin sensitivity [20] and the lower rate of physical activity among older individuals [21]. One potential explanation could be a higher carbohydrate intake among younger individuals. However, data is lacking to support this hypothesis. Finally, CSII therapy appears to be safe in 50+ T1D patients since, during the last year of observation, no episodes of hypoglycemia or severe glycemic decompensation that required medical assistance were recorded [22] .
Our study has some limitations. The number of patients in the two groups is unbalanced. The sample size represents the proportion of subjects from both age groups seen at our outpatient clinic. The overrepresentation of younger individuals may be, at least to some degree, a result of the reimbursement system, with no lack of support regarding purchase of the pump or disposables for individuals over 26 years of age. It should also be noted that the duration of CSII treatment was not fully matched between the patient groups. Older individuals were treated with CSII on average for 6.2 years vs. 4.2 years in younger subjects. This tendency, although not statistically significant, may mean that the study outcomes could have been influenced by differences in the patients' experience with CSII treatment. Furthermore, the study was a crosssectional study; we did not analyze certain factors that may be important for safety considerations of CSII treatment in older populations, including the safety of the initiation process (e.g. number of hypoglycemic episodes) which needs to be clarified in future analysis. Finally, the current study was based on clinical observation, while prospective randomized trials are required to fully define the effectiveness and safety of insulin pump therapy in older populations.
In conclusion, results from this study indicate that the effectiveness and safety of insulin pump therapy is largely equivalent in younger and elderly T1D patients. Basal/bolus ratios in CSII treated patients were not significantly different between younger and older adult diabetic individuals. Patients over 50 years of age were willing to use advanced personal insulin pump options and tools such as dual-wave/square bolus, Bolus Wizard, and continuous glucose monitoring just as frequently as younger T1D individuals.
